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Abstract 
 

Rolling bearings find wide applications in industrial and domestic 

machines/appliances. In spite of high precision manufacturing of the components of the 

rolling bearings, geometrical imperfections happen to arise in the bearings at the 

beginning (in new piece itself) due to manufacturing/assembly constraints or during the 

use of the bearings. The geometrical imperfections invite vibrations in the bearings 

during operation, which highly influence the rolling bearing’s performance parameters 

such as temperature rise, wear and reliable life. Therefore, it is worth exploring the 

combined effects of the geometrical imperfections and frictional moments on the 

vibration behaviors of the rolling bearings. In this thesis attempts have been made to 

understand the role of the geometrical imperfection (distributed defect) on the vibrations 

of rolling bearings using theoretical and experimental approaches. The main objective of 

the study reported in this thesis is to develop a general and realistic non-linear 6-DOF 

dynamic model of a rotor-bearings system for investigations of vibrations of the rotor-

bearings system. The waviness on races and balls, frictional moments, shaft deflection, 

centrifugal force and gyroscopic moment of the balls has been accounted in this proposed 

analytical/numerical model for studies of the vibrations. However, the additional 

objective of this thesis is to investigate the combined influence of the lubricant starvation 

and waviness on the vibrations of the bearing-rotor system. 

 

Non-linear vibration analysis of angular contact ball bearings has been simulated 

herein considering load dependent and load independent components of frictional 
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moments in the bearing. Six degrees of freedom of rigid rotor is considered in the 

dynamic modeling of the rotor-bearing system. Moreover, surface waviness on inner 

race, outer race and ball is considered and has been incorporated in the model by 

representing it as sinusoidal function. The proposed model is validated with the 

experiments and published results of researchers by incorporating needful changes in 

degrees of freedom in the proposed model. Based on the computed results, it is observed 

that the load independent component of frictional moment significantly reduces the 

amplitudes of vibrations. The influence of inner race waviness is relatively more on the 

vibration in comparison to waviness of outer race and ball. Moreover, at large amplitude 

of waviness and increase in the order of waviness, vibration enhances considerably.  

 

Non-linear vibration model of the angular contact ball bearings supported rigid 

rotor has been simulated herein considering the combined influences of the lubricant 

starvation and waviness on the balls and races of the bearings. Based on the results of the 

proposed model, it is observed that for the same order of the waviness on the bearing 

components, the vibrations in the transverse direction of the rotational axis enhances 

considerably in case of starved contacts in comparison to fully flooded contacts of the 

bearings. Moreover, the influence of inner race waviness is relatively more on the 

vibrations in comparison to same orders and amplitudes of waviness present on outer race 

and balls. At large amplitudes of waviness and increase in the orders of waviness, 

vibrations enhance significantly. It is necessary to mention here that due to severity of 

lubricant’s starvation; the amplitudes of vibrations reach the same order as due to 

increase in the orders of the waviness on the races and balls. Based on the proposed 
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vibration model, authors found that the effects of starvation on vibrations are significant 

and it must be accounted for in the dynamic models of bearings for achieving accurate 

results. 

The model has also been used for vibration analysis of high speed angular contact 

ball bearings supporting the rotor bearing system under the effect of shaft deflection, 

centrifugal force and gyroscopic moment of the ball. Concepts pertaining to inner ring 

centrifugal displacement, frictional moments and waviness of balls and races have also 

been discussed. Three dimensional Timoshenko beam element with six degrees of 

freedom for each node has been adapted for computation of shaft deflection. Newton 

Raphson with centered finite divided difference formulae have been used to solve the 

deformation consistent equations. Nonlinear equations have been solved using the 

Runge-Kutta 4
th

 order method. Results have been validated through comparison with the 

research results established by predecessors. Based on the computed results, it is 

observed that the influence of outer race waviness on vibration is more as compared to 

the influence of inner race waviness and ball. Due to the centrifugal force and gyroscopic 

moment, side bands are observed around defect frequency and operating frequency in the 

spectrum. It is also important to note that the vibration enhances considerably owing to 

increase in the order and/or amplitude of waviness. Other major reasons attributing to 

change in vibration frequencies are seen as shaft deflection, centrifugal force and 

gyroscopic moment of the ball 

 

Experimental investigations of vibration response of deep groove ball bearings in 

presence of waviness on either of bearings’ races with fully flooded and starved condition 
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are attempted. Waviness on inner and outer races of bearings is created by electric 

discharge machining. Experimentations for vibration response of bearings with fully 

flooded and starved conditions have been conducted on a test rig using both healthy and 

defective (with waviness) bearings. The vibration signals have been acquired using 

accelerometer, signal conditioner and FFT. The acquired signals have been processed in 

time and frequency domains. Characteristic defect frequencies and its harmonics are 

broadly investigated in the frequency spectra. Comparisons of vibration responses of 

healthy and defective (with waviness on either of races) with fully flooded and starved 

bearings are provided and discussed the effect of starvation on vibrations. 
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